Summary. In the absence of antimicrobial therapy, bacteria such as Bacteroides fragilis, Escherichia coli and Proteus mirabilis may persist within an intra-abdominal abscess in the presence of large numbers of neutrophils which, under optimal conditions in vitro, can readily phagocytose and kill the same bacterial strains. Neutrophils taken from abscesses induced by gram-negative bacteria such as those above contain viable organisms. On incubation in vitro in the presence of serum, these neutrophils kill the bacteria phagocytosed in the abscess poorly, if at all, yet can readily kill organisms added in vitro. To determine possible mechanisms that might explain this, we examined the bactericidal activity in vitro of neutrophils from a range of abscesses induced by one or two species of bacteria plus an abscess-potentiating agent, bran. The organisms studied were B. fragilis, E. coli, P . mirabilis and Staphylococcus aureus. The killing in vitro of E. coli and P . mirabilis, engulfed within an abscess, was significantly less than that of the same organisms when they were added to the in-vitro assay. In contrast, the killing of S. aureus was similar, whether engulfed in vivo or in vitro. However, S. aureus was less susceptible to phagocytosis and killing in vitro than P . mirabilis or E. coli, and the killing of S. aureus during in-vitro incubation of neutrophils that had engulfed the organism within the abscess was similar to that of the gram-negative bacteria engulfed within the abscess. We examined whether organisms phagocytosed in vivo were within neutrophils which had diminished or no expression of cell surface Fc and C3 receptors, and might, therefore, be unresponsive to extracellular serum factors such as complement which stimulate intracellular killing. No population of neutrophils lacking CR3 complement receptors was detected. Furthermore, the expression of these receptors was enhanced on abscess neutrophils compared with peripheral blood neutrophils. FcyRII receptor expression was equivalent in the two populations. Extracellular serum was necessary for any abscess neutrophil bactericidal activity. To determine whether the bacteria within abscess neutrophils were a subpopulation selected for resistance to intracellular killing, we lysed the neutrophils and added the released bacteria to bactericidal assays with peritoneal exudate neutrophils. The bacteria were killed readily, but not as efficiently as log-phase organisms grown in vitro. As these studies have shown that neutrophils from abscesses are functional, with enhanced CR3 expression, and that bacteria persisting within abscesses are not resistant to intracellular killing, it is possible that the poor killing in vitro of bacteria engulfed in uivo by abscess neutrophils reflects depleted intracellular killing mechanisms in those particular neutrophils, or results from the phagocytosis of organisms under conditions prevailing within abscesses, or is due to as yet undefined bacterial virulence factors.
Introduction
Surgical wound infection and intra-abdominal abscess formation are potential complications of intraabdominal surgery. Infecting organisms are typically those found as normal flora of the gastrointestinal tract and vagina. Obligately anaerobic bacteria are found in most intra-abdominal abscesses, and, of the four to five species usually isolated from adequately collected specimens, it is the obligate anaerobes which predominate.
Experimental models of intra-abdominal abscess formation have typically employed the anaerobe Bacteroides fragilis, with or without an accompanying facultative intestinal organism such as Escherichia coli. The predominance of such organisms in clinical specimens, and the findings that these organisms are synergic in the production of sepsis in experimental models,2* have led to hypotheses and experiments aimed at investigating possible mechanisms. It was suggested' that the facultative organism(s) may reduce the redox potential and oxygen tension to allow the anaerobes to proliferate. A role for the anaerobes in the synergy was suggested by Ingham et al., 4 who found that high concentrations of anaerobes, including B. fragilis, can inhibit phagocytic killing by neutrophils. Superimposed on these hypotheses is the finding that the production of abscesses requires the inoculation of a "potentiating agent" such as bran,2 or autoclaved colonic contents plus barium sulphate.
Our studies on the pathogenesis of anaerobic infection have addressed the apparent paradox that abscesses with viable organisms can persist in infected mice2 in spite of what appears to be an excess of neutrophils at the site of infection, and the susceptibility of the infecting organisms to phagocytic killing by neutrophils in vitro. We obtained viable neutrophils from abscesses, incubated them in vitro with serum under aerobic conditions, with or without additional bacteria, and monitored the change in viability of the bacteria that had been phagocytosed in vivo, and of those that had been introduced in vitro. ' We noted that neutrophils from abscesses induced by pairs of organisms selected from B. fragilis, E. coli and Proteus mirabilis did not kill the facultative organisms as efficiently as they killed similar organisms introduced in vitro, but that neutrophils from S. aureus abscesses killed the intracellular organisms on subsequent in vitro incubation as efficiently as they killed similar organisms added to the in-vitro assay. Nevertheless, the killing of any organism that had been phagocytosed in vivo was less than one log value (90%) over the 90-min assay. Furthermore, abscess-derived neutrophils were less efficient at killing bacteria added in vitro than neutrophils from peripheral blood or peritoneal exudate of abscess-bearing mice. In this paper, we present further data on the activities of neutrophils from monomicrobial abscesses as well as those induced by pairs of bacterial species, and determine whether the organisms within abscess-derived neutrophils represent a subpopulation selected for resistance to intracellular killing. We also present evidence of the expression of receptors CR3 and FcyRII on neutrophils from abscesses, peritoneal exudate and peripheral blood, and that in-vitro killing of organisms phagocytosed in vivo, if demonstrable, requires the presence of serum. 
Materials and methods

Mice
Bacteria
E. coli, P . mirabilis and B. fragilis strains were isolated from abscesses of BALB/c mice inoculated intraperitoneally 10 days previously with colonic and caecal contents of meat-fed mice.2 The strain of S . aureus was a clinical isolate. Bacteria were stored at -70°C as previously described.2 For induction of abscesses, frozen stocks were diluted as required. For the bactericidal assays, small amounts of frozen stock cultures of E. coli, P . mirabilis, and S. aureus were grown aerobically overnight at 37°C in TrypticaseSoy Broth (TSB; Difco). Small samples of these suspensions were inoculated into fresh TSB. After incubation for 3-4 h, the log-phase bacteria were harvested and washed with saline 0.9% before resuspension at 1 x lo9 cfu/ml in 10 mM Hepes-buffered RPMI 1640 medium, pH 7.2 (RPMI; Flow Laboratories, McLean, VA, USA). The viable count was assessed by comparing absorbance at 420nm with standard curves?
Serum
The preparation of normal mouse serum (NMS) has been described previously.6
Opsonisation of bacteria
Bacteria (1 x lo9 cfu) suspended in 1 ml of RPMI were incubated with an equal volume of normal mouse serum for 30min at 37°C in a shaking water bath. Bacteria were washed twice with saline 0.9% before incubation with phagocytic cells.
Intra-abdominal abscess induction
Abscesses were induced by the method of Nulsen et aL2 Each mouse was given an intraperitoneal injection of bacteria with 1 mg of bran as the abscesspotentiating agent in a total volume of 0.05 ml of RPMI. For induction of abscesses containing a single species of gram-negative bacteria (P. mirabilis or E. coli), 2 x lo7 cfu were injected. For S. aureus abscesses, (1-2) x lo7 cfu were injected. For induction of abscesses with bacterial pairs, the following inocula were used: B.fragilis, 5 x 10' cfu; E. coli, P . mirabilis and S . aureus, (3) (4) (5) x lo7 cfu. After 6 days, the functional activities of neutrophils harvested from abscesses were examined. Inoculation of 1 mg of bran alone does not induce detectable intraperitoneal abscesses ; the minute sterile lesions that arise are comprised mainly of mononuclear cells.
Isolation of leucocytes from abscesses
Mice were killed by cervical dislocation and intraabdominal abscesses were excised. After mechanical teasing, abscess slurries were diluted in mouse osmolality phosphate-buffered saline (MPBS)7 and stirred at 37°C for 10 min. The supernate was harvested and the slurry was incubated and stirred twice more with MPBS for 10 min. The cells in the supernate were pelleted by centrifugation at 175 g for 8 min, pooled, resuspended in Hanks's Balanced Salts Solution (HBSS ; Commonwealth Serum Laboratories, Melbourne, Australia) buffered with 10mM Hepes, and loaded onto Percoll density gradients.
Isolation of bacteria from abscesses
Abscesses were disaggregated as described in the previous paragraph. To obtain non-cell-associated (extracellular) bacteria, the cells and coarse debris in the suspension were pelleted by centrifugation at 175 g for 8 min, the supernates were harvested and then centrifuged at 1700 g for 15 min to pellet bacteria. To obtain intracellular bacteria, neutrophils from abscesses were lysed by sonication for 20 s (Sonicator Model W-375, Ultrasonics Inc., Plainview, NY, USA) or by treatment with 20 x their volume of Triton X-100 0.05% in saline 0.9% for 20 min. Cell debris was removed by centrifugation at 175 g for 8 min, and the pellet was washed once in saline 0.9%. Bacteria were obtained from these supernates by centrifugation at 1700 g for 15 min.
Percoll solutions
Solutions of Percoll (Pharmacia Fine Chemicals AB, Uppsala, Sweden) were prepared as described previously.* Briefly, nine volumes of Percoll were mixed with one volume of 10 x concentrated Ca+ +-and Mg+ + -free HBSS before dilution to the required working densities with single-strength HBSS, Ca+
+ -
and Mg+ +-free, pH 7.2, supplemented with 10 mM Hepes. The following equationg was used to calculate the mixing ratios :
The Percoll solution was diluted to working solutions of 70% and 45% concentration. These solutions were of density 1.0871 and 1.0575 g/ml respectively.
x 0*001186]+ 1-0041.
Density gradient centrifugation of the abscess leucocyte suspensions
Pre-formed gradients were prepared in polycarbonate 100 x 16 mm tubes (Disposable Products, Adelaide, South Australia). Pasteur pipettes were used to layer 3 ml of the Percoll45% solution on to 3 ml of the 70% solution. The cell suspension diluted in HBSS was layered on top of the gradient. Approximately 5 x lo7 cells were loaded onto each gradient. Tubes were centrifuged at 1600 g for 30 min at 10°C (IEC PR 6000 centrifuge; Div. Damon Corp., Needham Heights, MA, USA) and the cell band above the Percoll70% solution was harvested. These cells were washed twice with MPBS (1 75 g, 8 min, 4°C) before resuspension in RPMI 1640 medium. The abscess cells were recovered in two discrete fractions-the first at the interface between Percoll-free medium and the Percoll solution of density 1.0575 g/ml, the second between Percoll solutions of density 1.0575 and 1.0871 g/ml. After Percoll gradient fractionation of four different abscess cell preparations, a mean of 55% (range 42-72%) of recovered cells was present in the band of greater density. These cells were always greater than 95% viable by trypan blue exclusion, and they contained 93 (SD 1)% neutrophils. The cells of density less than 1.0575 g/ml were 58 (SD 9)% viable and were identified as 82 (SD 9)% neutrophils. The functional activities of only those cells banding between densities 1.0575 and 1 so87 1 g/ml were further investigated.
Isolation of peritoneal exudate leucocytes and neutrophil enrichment on Percoll density gradients
Peritoneal leucocytes were isolated as described previously.89 l o Briefly, mice were inoculated with 1 ml of Brain Heart Infusion Broth (Oxoid). After 3.5 h, the mice were killed by cervical dislocation and their peritoneal cavities were washed out with 5 ml, then 3 ml, of cold MPBS. The cells were pelleted and washed before suspension in HBSS and layering on to gradients prepared with Percoll solutions of 8 1%, 65% and 55% diluted with single-strength HBSS, Ca' +-and Mg++-free, pH 7.2. After centrifugation of the gradients as described above, the cells banding between the solutions of greatest density (1.0812 and 1.1002 g/ml) were harvested, washed twice, and resuspended in RPMI 1640 medium. These cells were greater than 98% viable and greater than 97% neutrophils. l o Isolation of leucocytes from peripheral blood, and neutrophil enrichment on Percoll density gradients As described previously for abscess-bearing mice,5 blood from the retro-orbital venous plexus of anaesthetised normal mice was collected into lithium-heparin tubes (Kayline, South Australia) and diluted approximately 1 0-fold with MPBS before centrifugation (1 75 g 20 min, 4°C). After removal of the supernates, 9 ml of distilled water was added to each of the pellets. The tubes were inverted 10 times and 1 ml of 10 x concentrated HBSS was added. After further mixing, the tubes were filled with an approximately equal volume of MPBS. After centrifugation and removal of the supernate, erythrocyte lysis was repeated. The cells remaining were washed one further time before loading on to pre-formed Percoll density gradients. These gradients were formed from 3 ml each of Percoll solutions of density 1.1002, 1.0693 and 1.0575 g/ml (i.e., 8l%, 55% and 45% solutions) respectively. After centrifugation at 1600 g for 30 min at 10°C (as above), the cells banding between densities 1 -1002 and 1.0693 g/ml were washed twice with MPBS and resuspended in RPMI 1640 medium.
In-vitro assay for killing of intracellular bacteria phagocytosed in vivo
Abscess-derived neutrophils (5 x lo6) were resuspended in 0.9ml of RPMI 1640 medium, pH 7.2, buffered with 10 m~ Hepes in 90 x 13 mm polycarbonate tubes (Disposable Products) and placed on ice. NMS (0.1 ml), or RPMI 1640 medium as a control, were added, 0.05-ml samples were taken, and the tubes were incubated at 37°C for 90 min. Incubation was on an angled platform rotating at 20 rpm (Nutator; Clay-Adams, Becton Dickinson and Co., Parsippany, NJ, USA). Further samples for quantitation of bacterial concentrations were withdrawn after incubation for 45 and 90 min at 37°C. Samples of 0.05 ml were added to 5 ml (or, infrequently, 0-1-ml samples to 0.9'ml) of Triton X-100 (Ajax Chemicals, Sydney, Australia) 0.05% in saline 0.9% at room temperature and vortex mixed to aid the lysis of leucocytes. After further 10-fold dilution in saline, 0. 1-ml volumes were spread on blood agar or Cystine-Lactose-ElectrolyteDeficient Agar (Oxoid), and colonies were counted after incubation overnight at 37°C. The change in the count of viable bacteria, as estimated by the numbers of colonies formed, was calculated as follows : A log,, (cfulml) = [log,, (cfulml) at time t]
-[log,, (cfulml) at time 01.
The change in the number of viable bacteria during the 90-min incubation period was also expressed as a percentage change in the number of bacteria measured in samples taken at the start of the assay. At the start of the incubation at 37"C, 0.05-ml samples were taken for the preparation of cytocentrifuge smears, JennerGiemsa staining, and determination by light microscopy of cell morphology and percentage of neutrophils with associated bacteria.
Bactericidal assay
The assay was similar to that described previously.89 l o Briefly, the assay mixture consisted of 5 x lo6 abscess or peritoneal exudate leucocytes with 1 x lo7 opsonised bacteria and NMS 2% in a final volume of 1 ml of RPMI. The bacteria had been opsonised in NMS 50% before washing and addition to the assay. Incubation was at 37°C on a platform rotating at 20 rpm. Samples of 0.05 ml (or 0.1 ml) were withdrawn after incubation for 0,45, and 90 min, and changes in viable bacterial concentrations were determined as above.
Monoclonal antibodies ( MAbs)
The three MAbs used were of rat origin and of the IgG2b subclass : The supernate of the hybridoma cells cultured in vitro was used as the source of MAb.
(2) MAb NIMP-RlO, which binds to complement receptor 3 (CR3) on mouse ne~trophils.'~ NIMP-R10 was derived from the fusion of spleen cells from a LOU rat immunised with purified preparations of mouse eosinophils, and the rat myeloma 210RCY3-Agl23. l3 An antibody-rich preparation obtained from the ascitic fluid of rats inoculated intraperitoneally with the hybridoma cells was used. 
Assay of FcyRII and CR3 expression
Leucocytes (neutrophil-enriched bands from Percoll density gradient centrifugation) 5 x lo6 in a volume of 0.15-0-25 ml RPMI 1640 were incubated with 0.3 ml of the appropriately diluted MAb, with shaking, at 4°C for 20 min. After washing with MPBS containing azide 0.02%, the pelleted cells were resuspended in 0.3 ml of FITC-labelled rabbit anti-rat IgG (Nordic, Tilburg, The Netherlands) diluted 1 in 50 with MPBS containing azide 0.02%. After further mixing for 20 min at 4"C, the cells were washed and resuspended at a concentration of 2-3 x 106/ml in MPBS with azide 0.02%. Fluorescence profiles were determined by flow cytometry with a FACS IV (Becton-Dickinson, Mountain View, CA, USA). Cells deemed to be other than neutrophils on the 90-degree light scatter were excluded from the fluorescence profiles. The modal fluorescence intensity for each population examined was selected as the parameter to compare receptor expression amongst different populations, with measurements made on a linear scale and corrected for gain setting. 
Expression of results
Results
Killing of bacteria engurfed in vivo and in vitro by a bscess-der ived neu troph ils
We have established previously' that neutrophils from abscesses induced by E. coli+ B. fragilis, P. mirabilis + B. fragilis, or E. coli+ P . mirabilis kill the facultative bacteria on subsequent incubation in vitro in the presence of serum much less effectively than they could kill similar organisms that they engulfed in vitro. In contrast, neutrophils from S. aureus abscesses killed S. aureus engulfed in vivo as efficiently as they killed S . aureus added in vitro. Therefore, we tested neutrophils from a larger range of abscesses involving S. aureus, E. coli or P . mirabilis alone, or pairs of these, or one of these with B. fragilis, and compared the killing of the facultative organism engulfed in vivo with that of the same organism added in vitro.
The leucocyte :viable bacterium ratios for the organisms that had been engulfed in the abscesses ranged from 4: 1 to 170: 1 (table I). The organisms added in vitro were in the ratio of 1 neutrophil to 2 bacteria. For abscesses that involved E. coli or P . mirabilis, the intracellular killing of those organisms that had been engulfed in vivo was significantly less than that of the same organisms added in vitro (table 11) . In contrast, for abscesses associated with S . aureus, with or without other organisms, the intracellular killing of S. aureus engulfed in the abscess was similar to that of the same organism added in vitro, although the intracellular killing of the gram-positive organism engulfed in vivo was of a similar magnitude to that of the gramnegative organisms engulfed in vivo (table 11) . The data also indicated that the susceptibility of P . mirabilis to phagocytosis and killing in vitro by abscess neutrophils was greater than that of E. coli, which itself was more susceptible than S. aureus.
Susceptibility of bacteria isolated directly from abscesses to killing by neutrophils
In view of the findings that the gram-negative organisms engulfed in vivo were killed less efficiently than other gram-negative bacteria introduced in vitro, it was possible that the organisms engulfed in vivo and present intracellularly represented a population of bacteria that were refractory to intracellular killing. Therefore, we examined abscess-derived bacteria to determine whether they were susceptible to neutrophil bactericidal activity. Two populations of abscessderived bacteria (extracellular and cell-associated) were isolated, and their susceptibility to killing by neutrophils determined in two separate experiments.
From an E. coli+ B. fragilis abscess, 22% of bacteria recovered were cell-associated ; from a P . mirabilis + B. fragilis abscess, 40% of organisms were cellassociated.
Both extracellular and cell-associated, abscessderived P . mirabilis, isolated directly without subculture from P . mirabilis + B. fragilis abscesses, were susceptible to killing by peritoneal exudate neutrophils in aerobic conditions in the presence of serum (table  111) . In a similar experiment, E. coli from an E. coli+ B. fragilis abscess was susceptible to killing by peritoneal exudate neutrophils (table 111) . Killing was less than that noted for log-phase organisms taken from broth cultures. In experiments reported in table 111, the intracellular bacteria were obtained by sonication to disrupt leucocytes. Intracellular bacteria released by the detergent Triton XlOO were variable in their susceptibility to the bactericidal activities of peritoneal exudate neutrophils. However, about 50% of intracellular bacteria were killed in the preparation of the bacterial suspensions with the detergent, suggesting they were less suitable for study than bacteria released by sonication. ... Abscess (intracellular)
ND, not done.
* The likely numbers of abscessderived bacteria (to determine the appropriate dilutions of the preparations of intracellular and extracellular bacteria) were determined by assay of abscesses from the same group on the day preceding this experiment. Intracellular organisms were released by sonication.
Expression of cell-surface receptors on abscessderived neutrophils
We have shown previously that extracellular serum can stimulate the intracellular bactericidal processes of murine neutrophils, and that this is mediated principally via CR3. We tested the hypothesis that the diminished intracellular killing in vitro of organisms phagocytosed in vivo by abscess neutrophils might be explained by a lack of CR3 on the neutrophils that would preclude them from responding to serum in vitro. We determined by flow cytometry that, in the population of abscess-derived neutrophils, there was no evidence for a subpopulation that did not express CR3 or Fcy RII. Furthermore, the fluorescence profiles of abscess-derived neutrophils that had been incubated with NIMP-R10 MAbs (anti-CR3) were compared with the profiles of similarly-treated neutrophils from peritoneal exudates and peripheral blood of normal mice. The expression of CR3 by abscess-derived neutrophils was approximately five-fold greater than by peripheral blood neutrophils, and that of peritoneal exudate neutrophils two-to three-fold greater than peripheral blood ( fig. 1 ).
Serum dependence of intracellular killing in vitro of bacteria phagocytosed in the abscess by abscess neu troph ils
Intracellular killing by murine peritoneal exudate neutrophils requires the continued presence of extracellular serum. '' Therefore, we examined the requirement of neutrophils derived from abscesses induced by S. aureus, P . mirabilis and a mixture of the two, for extracellular serum for the killing in vitro of organisms that had been engulfed in the abscess. We found that serum was required (table IV) .
Role of CR3 on abscess neutrophils in phagocytic killing of bacteria
Phagocytic killing of NMS-opsonised P . mirabilis by peritoneal exudate cells can be inhibited by prior incubation of the neutrophils with MAb to CR3.l' Therefore, we examined the effect of pre-incubation for 30 min of abscess neutrophils with MAb before addition to bactericidal assays. The neutrophils were derived from abscesses induced by B. fragilis, E. coli and bran; the organism added to the phagocytic assays was P . mirabilis. MAb to CR3, but not to FcyRII, significantly inhibited the bactericidal activity of abscess neutrophils for P . mirabilis ( fig. 2 ).
Discussion
In a previous report, we established that abscessderived neutrophils were functional, being able to phagocytose and kill bacteria in the presence of serum in vitro, yet showing, by comparison, diminished bactericidal activity towards gram-negative bacteria they had phagocytosed in the abscess and contained intra~ellularly.~ In this report, we confirm these findings with a larger range of abscesses (table 11) . The finding that the gram-negative bacteria isolated directly, without subculture, from abscesses are sus- ceptible to phagocytosis and killing by peritoneal exudate neutrophils (table 111) indicates that the abscess-associated organisms are not intrinsically resistant to intracellular killing. Furthermore, we showed that intracellular killing by abscess-derived neutrophils required extracellular serum (table IV) , that abscess-derived neutrophils expressed CR3 ( fig.  l) , and that these receptors were functional ( fig. 2) . The neutrophils were obtained by stirring minced abscesses in phosphate-buffered saline. The majority of bacteria in the resultant suspensions were extracellular. However, the neutrophils with intracellular bacteria were separated from the extracellular bacteria by centrifugation on discontinuous density gradients of Percoll and subsequent washing, a procedure we have shown previously to minimise extracellular bacteria in mixtures of bacteria and phagocytosing neutrophils.
Neither E. coli nor P . rnirabilis, when isolated directly, without subculture, from abscesses, were sufficiently opsonised in, or altered by, the abscess environment to be susceptible to killing by peritoneal exudate neutrophils in the absence of serum (table  111) . However, both extracellular and intracellular abscess-derived bacteria were killed by neutrophils in the presence of serum, albeit less efficiently than logphase organisms taken from broth culture. This may have been because the abscess-derived bacteria were in stationary growth phase and were less susceptible to intracellular killing mechanisms, l 5 but the diminished susceptibility was not sufficient to account, alone, for the poor intracellular killing of organisms engulfed in vivo seen with abscess-derived neutrophils (table 11) .
Although the structure of the experiments did not allow the statistical analysis of such a comparison and the magnitude of the differences was small, it was of interest to note that the least intracellular killing of the facultative bacteria engulfed in the abscess was found when B. fragilis was included in the inoculum (table 11) . Further experiments are needed to determine the reproducibility of this observation, but it is consistent with the finding that organisms such as B. fragilis can inhibit the bactericidal activity of neutrop h i l~,~ an activity which may relate to the production of succinic acid by B. fragilis. 16 It should be emphasised, nevertheless, that the poor bactericidal activity of abscess neutrophils towards bacteria engulfed within the abscess did not require the presence of B. fragilis in the abscess-inducing inoculum.
The complement receptor CR3 plays an important role in the phagocytic killing of bacteria by murine neutrophils. Using an assay to measure intracellular killing in the absence of continuing phagocytosis,' we found that blocking the neutrophil CR3 with the MAb NIMP-R10 significantly reduced NMS-stimulated intracellular killing. We tested the hypothesis that the diminished killing of bacteria engulfed in vivo by abscess neutrophils might be explained by the existence of a subpopulation of cells that contained the bacteria, but did not express CR3, and were, therefore, unresponsive to the influence of extracellular serum in vitro. Not only was such a population not detected, but the population of abscess-derived neutrophils showed enhanced CR3 expression compared with peritoneal exudate neutrophils, which themselves showed enhanced CR3 expression compared with peripheral blood neutrophils ( fig. 1) . No marked differences in FcyRII expression were nrted. That the CR3 on abscess neutrophils were functional was shown by the ability of anti-CR3 MAb to inhibit the bactericidal activity of abscess leucocytes against NMS-opsonised bacteria ( fig. 2) . The bactericidal activity of abscess neutrophils against gram-negative organisms that had been engulfed in vivo, although diminished compared with killing of organisms engulfed in vitro, required serum, as did killing of the gram-positive organism, S. aureus (table IV) . This finding is consistent with reports of a requirement for extracellular serum for killing of intracellular bacteria by mouse peritoneal exudate neutrophils,'. l o by mouse macrophages,' and by human granulocytes.
Purification procedures may increase CR3 expressi0n.l' However, this is unlikely to explain the differences noted between neutrophils from abscesses, peritoneal exudate, and peripheral blood. Although there were some differences in the methods used to prepare cell suspensions from the different sources, all suspensions were maintained at 440°C during isolation and during the NIMP-R10 fluorescent antibody binding studies, and all preparations were fractionated on Percoll density gradients and resuspended after washing in MPBS. Therefore, it is likely that the differences in CR3 expression were a reflection of the inflammatory status of the site from which the cells were taken. The increase in CR3 expression on activated murine cells is in agreement with findings with human cells. "9 2o The diminished killing of bacteria within abscess neutrophils subsequently incubated in vitro may reflect the ability of bacteria to persist within abscesses. This is not explained by lack of expression of cell surface receptors or ability to respond to extracellular serum factors, nor by selection of bacteria resistant to intracellular killing. As the minority of neutrophils from abscesses contain viable intracellular bacteria (table I) , it may reflect depleted intracellular killing mechanisms in those neutrophils, or result from the phagocytosis of organisms under conditions in the abscess which are possibly suboptimal for subsequent killing (e.g., poor opsonin availability, lowered pH, Eh, pOz, etc). Alternatively, it may reflect as yet uncharacterised bacterial virulence factors. Nevertheless, sequestration of bacteria within poorly bactericidal, but otherwise viable, neutrophils may allow the organisms to persist at the site of infection. 
